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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a dispersion
compensating method and a dispersion compensating
apparatus, and, in particular, to a dispersion compensat-
ing method and a dispersion compensating apparatus
for automatically compensating wavelength dispersion
occurring in an optical fiber in a wavelength division mul-
tiplexing transmission system.

2. Description of the Related Art

[0002] Recently,atransmissionrate inanopticaltrans-
mission system increases from 2.4 Gbps to 10 Gbps,
and, in such a situation, importance of dispersion com-
pensation increases accordingly.

[0003] In a wavelength division multiplexing (WDM)
transmission system, there are two methods of disper-
sion compensation, i.e., a method in which dispersion
compensation is performed for each wavelength and an-
other method in which dispersion compensation is per-
formed for all the wavelengths in a lump. The first method
in which dispersion compensation is performed for each
wavelength requires the costs greatly higher than those
required for the second method in which dispersion com-
pensation is performed for all the wavelengths in a lump.
On the other hand, since dispersion slope in a transmis-
sion line depends on each particular optical fiber trans-
mission ling, it is not possible to completely compensate
transmission line dispersion for all the wavelengths in the
second method of performing dispersion compensation
in a lump of all the wavelengths. In order to solve this
problem, a method of dividing a target wavelength band
and performing dispersion compensation for each of the
division wavelength bands exists.

[0004] In many cases, the above-mentioned second
method of performing dispersion compensationinalump
is applied in terms of the costs required. However, in any
method, a dispersion compensator may be used there is
such that an optical fiber such as a dispersion compen-
sated fiber (DCF) as a typical example is cut for a length
according to a dispersion amount, and is disposed ac-
cording to a transmission line dispersion amount for each
repeating section, so as to be used for the dispersion
compensation.

[0005] In contrast thereto, recently, a variable disper-
sion compensator has been put into practical use, and,
it is expected that such an apparatus will spread sharply.
It is known that, in order to control the variable compen-
sator, an optimum dispersion amount is set with the use
of code error information such as error correction amount
as disclosed by Japanese Laid-open Patent Application
No. 2002-208892.

[0006] Other than it, Japanese Laid-open Patent Ap-
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plication No. 2003-46443 discloses an art of detecting a
duty ratio of an optical signal, and controlling a dispersion
compensation amount in the variable compensator
based on the duty ratio.

[0007] Further, Japanese Laid-open Patent Applica-
tion No. 2000-244394 discloses an art of detecting main-
tainability in data transmitted, generating an electric feed-
back signal for controlling a current applied to a grating,
and determining dispersion in the grating.

[0008] International Publication No. W099/048231
discloses an art of giving perturbation to wavelength dis-
persion in a transmission line, counting and comparing
errors occurring when the perturbation is given in each
direction, and changing the center of the perturbation in
a direction such that the errors may be reduced.

[0009] In addition to the above, WO 003/065622 A1
discloses dispersion compensating for compensating
wavelength dispersion occurring in an optical transmis-
sion line. The respective teaching considers a control
circuit that uses error correction code information ac-
quired from a decoder to control a variable dispersion
equalizer so thatthe transmission errorbecomes smaller.
[0010] Further, EP 1223694 A2 discloses adispersion
compensating method and a dispersion compensating
apparatus for an optical transmission system. The re-
spective teaching considers feeding of an optical signal
toavariable dispersion compensator and controlling said
variable dispersion compensator by a controlling circuit
thatreceives bit errorinformation received from a bit error
information monitoring circuit.

SUMMARY OF THE INVENTION

[0011] In a case where an optimum dispersion com-
pensating amount is sought with the use of code error
information in dispersion compensating control in such
a variable dispersion compensator, it may not be easy
to determine which direction the dispersion compensat-
ing amount should be controlled in when the dispersion
in the transmission line changes. In other words, there
may be a case where the dispersion compensating
amount should be controlled in a case where the trans-
mission line dispersion fluctuates due to influence of am-
bienttemperature or such. However, when the dispersion
compensating amount is controlled only according to a
code error amount, it is necessary to determine a direc-
tion of correction (i.e., a direction in which the code error
amount decreases) by changing the dispersion amount
inonedirection of increasing or decreasing on atrial basis
so as to detect whether the code error amount increases
or decreases as a result. Conventionally, as shown in
FIG. 1, the optimization is performed in such a manner
in which, the dispersion compensating amount is
changed in a fixed range to a residual dispersion amount
A or B from a current residual dispersion amount 0, and
thus, a point at which BER (bit error rate) becomes min-
imum is sought. However, in this method, when the dis-
persion compensating amount shifts from the optimum
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value, a dangerous situation may occur in which the BER
may be increased temporarily before finally determining
whether the dispersion compensating amount should be
increased or decreased. For example, in an optical trans-
mission system having an error correction function, it is
necessary to provide an extra margin such that the BER
even in a case where the dispersion compensating
amount is changed so as to be not able to avoid tempo-
rarily increasing the error correction amount may not ex-
ceed an error correctable limitin the error correction func-
tion, as shown in FIG. 2.

[0012] Furthermore, in a case where control of the dis-
persion compensating amount is performed only with the
use of the error correction amount, there is a possibility
of dangerousness in which the dispersion compensating
amount is erroneously set such that the error correction
amount may rather further increase finally, when the error
correction amount once increases due to a reason such
as unexpected burst error, degradation in an OSNR (op-
tical signal noise ratio) or such, other than a reason of
change in the dispersion amount itself. For example, as
showninFIG. 3, a situation is assumed in which originally
the dispersion compensation control is performed for the
optimum residual dispersion amount 0 in the BER curve
indicated by a solid line in a normal condition, and then,
an unexpected degradation in the OSNR occurs such
that the BER curve temporarily shifts as indicated by a
broken line. In such a situation, the dispersion compen-
sating amount control is performed with the use of the
given error correction amount so that a residual disper-
sion amount A may be set in the control. Then, when the
degradation in the OSNR is eliminated, the dispersion
compensating amount control should be performed
again for the optimum residual dispersion amount 0.
[0013] Furthermore, in a common optical transmission
system, a design is made such that a sufficient error re-
sistant margin is provided, and thus, automatic disper-
sion compensating amount control with the use of a given
error correction amount may not be effectively performed
since there occurs no error or merely a slight error cor-
rection amount is detected normally around the optimum
residual dispersion amount 0.

[0014] The presentinvention has been devised in con-
sideration of the above-mentioned problems, and, an ob-
ject of the present invention is to provide a dispersion
compensating method and a dispersion compensating
apparatus by which it is possible to determine a direction
of increasing or decreasing the dispersion compensating
amount without a need of a possibility of actually increas-
ing the BER.

[0015] According to an aspect of the presentinvention,
a dispersion compensating method for compensating
wavelength dispersion occurring in an optical transmis-
sion line, comprises the steps of performing dispersion
compensation by causing an optical signal, supplied from
said transmission line, to pass through a variable disper-
sion compensator; and controlling a dispersion compen-
sating amount in said variable dispersion compensator
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according to code error information in a received data
signal obtained from the optical signal having undergone
the dispersion compensation, wherein the code error in-
formation comprises the number of corrected bits from 0
to 1 and the number of corrected bits from 1 to 0; and
wherein said controlling comprises increasing or de-
creasing the dispersion compensating amount according
to a correction ratio from 0 to 1, which is a ratio of the
number of corrected bits from 0 to 1 with respect to the
sum total of the number of corrected bits from 0 to 1 and
the number of corrected bits from 1 to 0, wherein said
controlling increases the dispersion compensating
amount when the correction ratio from 0 to 1 is less than
50 % and decreases the dispersion compensating
amount when the correction ratio from 0 to 1 exceeds 50
% in a case where a chirp setting is a = +1, and said
controlling comprises reversing the direction of increas-
ing or decreasing the dispersion compensating amount
when the chirp setting is o = -1.

[0016] According to another aspect of the present in-
vention, a dispersion compensating apparatus for com-
pensating wavelength dispersion occurring in an optical
transmission line, comprises a variable dispersion com-
pensating part performing dispersion compensation of
an optical signal, supplied from said transmission line;
and a light receiving part receiving an optical signal hav-
ing undergone dispersion compensation and obtaining a
received data signal; and an error correcting part per-
forming error correction on the received data signal ob-
tained from said light receiving part, said error correcting
part obtains code error information for a type of corrected
code; and said apparatus further comprises a control part
controlling a dispersion compensating amount in said
variable dispersion compensating part according to the
code error information obtained from said error correcting
part, wherein the code error information comprises the
number of corrected bits from 0 to 1 and the number of
corrected bits from 1 to 0, and wherein said control part
increases or decreases the dispersion compensating
amount according to a correction ratio from 0 to 1, which
is a ratio of the number of corrected bits from 0 to 1 with
respect to the sum total of the number of corrected bits
from O to 1 and the number of corrected bits from 1 to O,
and increases the dispersion compensating amount
when the correction ratio from 0 to 1 is less than 50 %
and decreases the dispersion compensating amount
when the correction ratio from 0 to 1 exceeds 50 % in a
case where a chirp setting is oo = +1, and said control part
reversing the direction of increasing or decreasing the
dispersion compensating amount when the chirp setting
isa=-1.

[0017] Inthe above-mentioned configuration, the con-
trol part may control the dispersion compensating
amount in the variable dispersion compensating part ac-
cording to the code error information and an S/N ratio of
the optical signal in the light receiving part.

[0018] Further, the code error information may include
the number of corrected bits from 0 to 1 and the number
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of corrected bits from 1 to 0; and the control part may
increase or decrease the dispersion compensating
amount according to a correction ratio from 0 to 1, which
is a ratio of the number of corrected bits from 0 to 1 with
respect to the sum total of the number of corrected bits
from 0 to 1 and the number of corrected bits from 1 to 0.
[0019] By the above-described configuration, it is pos-
sible to determine a direction of increasing or decreasing
the dispersion compensating amount without a need of
taking a risk of actually increasing the BER.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Otherobjects andfurtherfeatures of the present
invention will become more apparent from the following
detailed description when read in conjunction with the
accompanying drawings:

FIGS. 1 through 3 illustrate examples of dispersion
compensating amount control according to the relat-
ed art;

FIG. 4 shows a block diagram of a dispersion com-
pensating apparatus in a first embodiment of the
present invention;

FIG. 5 illustrates dispersion compensating amount
control according to the present invention;

FIG. 6 shows a flow chart of dispersion compensa-
tion control processing executed by a control circuit
in the first embodiment of the present invention;
FIG. 7 shows a block diagram of a dispersion com-
pensating apparatus in a second embodiment of the
present invention;

FIG. 8 shows a flow chart of dispersion compensa-
tion control processing executed by a control circuit
in the second embodiment of the present invention;
FIG. 9 shows a block diagram of one embodiment
of an optical transmission system in which the
present invention is applied;

FIG. 10 shows a block diagram of one embodiment
of a chirping generating circuit shown in FIG. 9;
FIG. 11 illustrates operation of the chirping generat-
ing circuit;

FIG. 12 shows a relationship between chirp setting,
BER and correction ratio;

FIG. 13 illustrates a dispersion compensating appa-
ratus in a third embodiment of the present invention;
FIG. 14 shows a block diagram of a configuration of
the dispersion compensating apparatus in the third
embodiment of the present invention;

FIG. 15 shows a block diagram of a configuration of
a dispersion compensating apparatus in a variant
embodiment of the third embodiment of the present
invention; and

FIG. 16 shows a block diagram of one embodiment
of a wavelength division multiplexing transmission
system in which the present invention is applied.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] With reference to the drawings, embodiments
of the present invention will now be described.

[0022] FIG. 4 shows ablock diagram of a configuration
of adispersion compensating apparatus in a first embod-
iment of the present invention. As shown, the dispersion
compensating apparatus includes a variable dispersion
compensator 1, a light receiving circuit 2, an error cor-
rection circuit 3 and a control circuit 4.

[0023] An optical signal supplied to the variable dis-
persion compensator 1 through an optical fiber transmis-
sion line 5 is an optical signal at a high bit rate of 40 Gb/s
or such for example, in which waveform degradation may
occur due to dispersion characteristics of the optical fiber
transmissionline 5. The variable dispersion compensator
1 is a well-known optical device which has a function of
variably compensating wavelength dispersion which in-
put light has. Specifically, for example, a VIPA (virtually
imaged phased array) device, an optical device employ-
ing a FBG (fiber Bragg grating), or such may be applied
thereto. This variable dispersion compensator 1 per-
forms polarization dispersion compensation simultane-
ously as well as wavelength dispersion compensation
simultaneously.

[0024] The light receiving circuit 2 receives the optical
signal output from the variable dispersion compensator
1, converts it into an electric signal, performs well-known
signal reception processing such as clock reproduction,
data discrimination and so forth, and outputs a received
data signal indicating the processing result, to the error
correction circuit 3.

[0025] The error correction circuit 3 performs error cor-
rection with the use of error correction code included in
the received data signal output from the light receiving
circuit 2, obtains a code error rate such as BER (bit error
rate) and error correcting contents, and provides the
thus-obtained information to the control circuit 4 as code
error information. As a specific manner of measuring the
code error rate and error correction contents, a well-
known manner may be applied, such as a manner of
determining the code error by performing parity check on
the received data signal, a manner of utilizing a B1 or a
B2 byte in the signal conforming to the SONET or SDH
standard, for example. Also, in a case where error cor-
rection code is applied to the optical signal, an error cor-
rection amount and error correction contents detected
during the error correction processing are provided to the
control circuit 4 as the code correction information.
[0026] The control circuit 4 performs automatic control
of a wavelength dispersion compensating amount in the
variable dispersion compensator 1 based on the code
error information such as the code error rate and the error
correction contents provided by the error correction cir-
cuit 3, such as to reduce the code error included in the
optical signal output from the variable dispersion com-
pensator 1.
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[0027] AsshowninFIG. 5, with respecttoa BER curve
[Il'in which the BER increases as the residual dispersion
amount goes away from a point of the optimum dispersion
compensating amount (corresponding to a point at which
BERis minimum), a correction ratio curve IV representing
aratio (called 'correction ratio from 0 to 1’) of the number
of corrected bits from 0 to 1 with respect to the sum total
of the number of corrected bits from 0 to 1 and the number
of corrected bits from 1 to 0 has characteristics such that
the correction ratio from 0 to 1 has a value of approxi-
mately 50 % at the point of the optimum dispersion com-
pensating amount (corresponding to the point of the min-
imum BER), decreases as the residual dispersion be-
comes smaller and increases as the residual dispersion
becomes larger.

[0028] Therefore, the control circuit 4 obtains the cor-
rection ratio from 0 to 1 based on the number of corrected
bits from 0 to 1 and the number of corrected bits from 1
to 0, automatically controls the dispersion compensating
amount in the variable dispersion compensator 1 in a
direction such that the correction ratio from 0 to 1 may
approach 50 %, and thus, BER may become minimum.
[0029] Inthe above-described scheme, the automatic
control of the variable dispersion compensator 1 is per-
formed based on the correction ratio from 0 to 1, i.e., a/
(a + b), where 'a’ denotes the number of corrected bits
from 0 to 1, and ’'b’ denotes the number of corrected bits
from 1 to 0. However, it is also possible to instead apply
a ratio of the number of erroneous bits of 0, i.e., a/(a +
b), wherein 'a’ denotes the number of erroneous bits of
0 (i.e., the number of erroneous bits each of which had
the value ’0’) and 'b’ denotes the number of erroneous
bits of 1 (i.e., the number of erroneous bits each of which
had the value ’1’) .

[0030] Inthiscase,the code errorinformation provided
by the error correction circuit 3 may include instead the
code error rate and the number of erroneous bits of 0
and the number of erroneous bits of 1.

[0031] Since the above-mentioned (a + b) indicates
the total number of the code errors, the code error rate
(the number of errors occurring per unit time) can be eas-
ily calculated from this number by dividing the number
with the relevant time interval.

[0032] FIG. 6 shows a flow chart of dispersion com-
pensating control processing executed by the control part
4 according to the first embodiment of the present inven-
tion. This processing is repeated every predetermined
time interval. First, in Step S10, it is determined whether
or not the BER is the minimum value. When the BER is
the minimum value, the current processing is finished.
On the other hand, when the BER is not the minimum
value, Step S12 is performed. In Step S12, it is deter-
mined whether the above-mentioned correction ratio
from 0 to 1b is less than 50 %, is just 50 % or is more
than 50 %. When the correction ratio from 0 to 1 is less
than 50 %, the dispersion compensating amount in the
variable dispersion compensator 1 is controlled in such
a direction that the residual dispersion amount may in-
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crease, in Step S14. On the other hand, when the cor-
rection ratio from O to 1 is just 50 %, the current process-
ing is finished. When the correction ratio from 0 to 1 is
more than 50 %, the dispersion compensating amount
in the variable dispersion compensator 1 is controlled in
such a direction that the residual dispersion amount may
decrease, in Step S16.

[0033] Instead of determining whether or not the BER
is the minimum value in Step S10, it is also possible to
determine whether or not the BER does not exceed a
predetermined threshold. In this case, when the BER is
less than the predetermined threshold, the current
processing is finished, while, when the BER exceeds the
threshold, the processing is proceeded with from Step
S12. This alternative may also be applied to any other
embodiment described below.

[0034] Thus, according to the first embodiment of the
present invention, it is possible to determine, according
to the correction ratio from 0 to 1, whether the dispersion
compensation amount should be increased or decreased
inresponse to deviationinthe residual dispersionamount
from the optimum amount. Thus, it is possible to avoid
taking a risk of increasing in the BER in the dispersion
compensating control processing.

[0035] FIG. 7 shows a block diagram of a dispersion
compensating apparatus according to a second embod-
iment of the present invention. This embodiment is dif-
ferentfrom the embodimentshownin FIG. 4 inthat OSNR
(optical signal noise ratio) obtained in the optical receiv-
ing circuit 2 is supplied to the control circuit 4, which au-
tomatically controls the dispersion compensating amount
in the variable dispersion compensator 1 according to
the BER, the OSNR and the correction ratio from 0 to 1.
[0036] FIG. 8 shows a flow chart of dispersion com-
pensating control processing executed by the control part
4 according to the second embodiment of the present
invention. This processing is repeated every predeter-
mined time interval. First, in Step S10, it is determined
whether or not the BER is the minimum value. When the
BER is the minimum value, the current processing is fin-
ished. On the other hand, when the BER is not the min-
imum value, Step S11 is performed. In Step S11, it is
determined whether or not the OSNR given is degraded
from one given in the preceding processing. When the
OSNR is degraded (Yes in Step S11), the current
processing is finished. On the other hand, when the OS-
NR is not degraded (No in Step S11), Step S12 is per-
formed.

[0037] In Step S12, it is determined whether the cor-
rection ratio from 0 to 1 is less than 50 %, is just 50 % or
is more than 50 %. When the correction ratio from 0 to 1
is less than 50 %, the dispersion compensating amount
in the variable dispersion compensator 1 is controlled in
such a direction that the residual dispersion amount may
increase, in Step S14. On the other hand, when the cor-
rection ratio from 0 to 1 is just 50 %, the current process-
ing is finished. When the correction ratio from 0 to 1 is
more than 50 %, the dispersion compensating amount
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in the variable dispersion compensator 1 is controlled in
such a direction that the residual dispersion amount may
decrease, in Step S16.

[0038] Thus, accordingtothe second embodiment, the
dispersion compensating control processing is stopped
when the OSNR is degraded. Thereby, it is possible to
avoid unnecessary dispersion compensating control in
such a case where the OSNR temporarily changes and
soon returns to the original state.

[0039] Inotherwords, according to the second embod-
iment, control of the dispersion compensating amount
can be retrained in a case of degradation of the BER
based on temporary degradation of the OSNR.

[0040] FIG. 9 shows a block diagram of an optical
transmission system in an embodiment of the present
invention. As shown, an optical signal transmitted from
an optical transmission apparatus 10 is transmitted to a
light receiving apparatus 30 via an optical fiber transmis-
sion line 20.

[0041] The optical transmission apparatus 10 includes
a chirping generation circuit 11 giving chirping to an op-
tical transmission signal to be transmitted. Further, to the
optical transmission signal, error correction code is also
given. The optical fiber transmission line 20 provides
wavelength dispersion to an optical signal transmitted
thereby according to a type, alength or such of the optical
fiber itself. In the optical fiber transmission line 20, an
optical repeater, not shown, may be provided.

[0042] FIG. 10 shows a block diagram of the above-
mentioned chirping generation circuit 11 in one embod-
iment. Chirp setting shown means to change a frequency
in a laser diode 44 by selecting an operation point in a
driving circuit 43 in an external modulator 45 in the optical
transmission apparatus 10 as a result of an electric cur-
rent injected to a laser diode 44 being controlled thereby.
The above-mentioned selection of the operation point is
commonly expressed by a o parameter having the value
of +1 or -1.

[0043] As shown in FIG. 10, a transmission signal is
supplied directly to, or is supplied, after being inverted
by a NOT circuit 41, to a selector 42. The selector 42
selects the given transmission signal directly supplied
when the chirp setting given is o parameter = +1, while
it selects the transmission signal supplied after being in-
verted when the chirp setting is o parameter = -1, and
the thus-selected transmission signal is supplied to the
drive circuit 43. The drive circuit 43 drives the external
modulator 45 which modulates light output by the laser
diode 44 with the thus-supplied transmission signal.
[0044] Thedrive circuit43 performs modulation driving
of light output by the laser diode 44 in such a manner
that, when the chirp settingis o.= +1, areference potential
Vth shown in FIG. 11 is treated as a low level (0) while
a potential V1 higher than the reference potential Vth is
treated as a high level (1). On the other hand, when the
chirp setting is o = -1, the modulation driving is performed
such that the reference potential Vth shown in FIG. 11 is
treated as a low level (0) while a potential V2 lower than
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the reference potential Vth is treated as a high level (1).
[0045] The optical receiving apparatus 30 employs the
above-described dispersion compensating apparatus
shown in FIG. 4. Which direction the residual desperation
amount should be changed for the purpose of causing
the correction ratio form 0 to 1 to approach 50 % is de-
termined from the chirp setting in the optical transmission
apparatus 10.

[0046] When the chirp setting in the optical transmis-
sion apparatus 10 is o = +1, as shown in FIG. 12, with
respect to a BER curve llla, a correction ratio curve IVa
for the correction ratio from 0 to 1 is such that, approxi-
mately 50 % is obtained at the optimum dispersion com-
pensating amount; the value decreases therefrom as the
residual dispersion becomes smaller; and the value in-
creases therefrom as the residual dispersion become
larger. On the other hand, when the chirp setting in the
optical transmission apparatus 10 is oo = -1, as shown in
FIG. 12, with respect to a BER curve llIb, a correction
ratio curve IVb for the correction ratio from 0 to 1 is such
that, approximately 50 % is obtained at the optimum dis-
persion compensating amount; the value increases
therefrom as the residual dispersion becomes smaller;
and the value decreases therefrom as the residual dis-
persion become larger.

[0047] Accordingly, when o = +1, as described with
reference to FIG. 6, the dispersion compensating amount
in the variable dispersion compensator 1 is controlled in
such a direction that the residual dispersion amount may
increase when the correction ratio from 0 to 1 is less than
50 %, while the dispersion compensating amount in the
variable dispersion compensator 1 is controlled in such
a direction that the residual dispersion amount may de-
crease when the correction ratio from 0 to 1 is more than
50 %. On the other hand, conversely, when o = -1, the
dispersion compensating amount in the variable disper-
sion compensator 1 is controlled in such a direction that
the residual dispersion amount may decrease when the
correction ratio from 0 to 1 is less than 50 %, while the
dispersion compensating amount in the variable disper-
sion compensator 1 is controlled in such a direction that
the residual dispersion amount may increase when the
correction ratio from 0 to 1 is more than 50 %.

[0048] Whether the chirp setting in the optical trans-
mission apparatus 10 is o = +1 or a = -1 is normally
recognized by the optical receiving apparatus 30. How-
ever, when the chirp setting in the optical transmission
apparatus 10 is not recognized by the optical receiving
apparatus 30, it is possible to determine whether the cur-
rent chirp setting in the optical transmission apparatus
10 is o = +1 or o = -1 in the optical receiving apparatus
30, by the following operations: The dispersion compen-
sating amount in the variable dispersion compensator 1
is changed, and then, change in the BER and the cor-
rection ratio from 0 to 1 occurring accordingly is moni-
tored.

[0049] For example, in timing in which the system is
first introduced, the configuration in the optical transmis-
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sion apparatus 10 is changed or such, the optical receiv-
ing apparatus 30 may first determine the value in the
chirp setting in the above-mentioned way, and, after that,
according to the thus-determined value of the o param-
eter, either the above-mentioned operation for oo = +1 or
the operation for o, = -1 should be performed.

[0050] Inthe BER curve represented by a solid line in
FIG. 13, in a first zone in which the BER is less than a
threshold ’'bl’, a very long time is required for optimizing
the residual dispersion amount with the use of the cor-
rection amount from 0 to 1 since the number of error bits
is small. In such a case, the time required for optimizing
the residual dispersion amount can be reduced by inten-
tionally increasing the number of error corrections with
the use of a noise adding part provided.

[0051] FIG. 14 shows a block diagram of a depression
compensating apparatus according to a third embodi-
ment of the present invention. The third embodiment is
different from the embodiment shown in FIG. 4 in that an
ASE light source 6 is provided. Only in a case where the
BER is less than the above-mentioned threshold 'b1’ sup-
plied by the error correction circuit 3 as a code error rate,
the ASE light source 6 is operated, and thereby, ASE
(amplified spontaneous emission) light is generated
thereby. The ASE light is then mixed by a multiplexer 7
to an optical signal output from the variable dispersion
compensator 1.

[0052] Thereby, the OSNR is degraded, and, thereby,
the BER curve is degraded into a BER curve represented
by a broken line in FIG. 13 in which the BER at the opti-
mum compensating amount is in a second zone, which
is more than 'b1’ but less than 'b2’. The second zone is
such that the number of error corrected bits is large to a
certain extent, but, is within a range in which error cor-
rection can be performed. By thusintentionally increasing
the BER, since the number of error corrected bits increas-
es accordingly, a time required for completing control op-
eration shown in FIG. 6 for example can be effectively
reduced. Thus, it is possible to reduce a time required
for optimizing the residual dispersion amount.

[0053] FIG. 15 shows a block diagram of a dispersion
compensating apparatus according to a variant embod-
iment of the third embodiment of the present invention.
In this variant embodiment, a noise generating circuit 8
is provided instead of the ASE light source 6. Only in a
case where the BER is less than the above-mentioned
threshold b1’ supplied by the error correction circuit 3 as
a code error rate, the noise generating circuit 8 is oper-
ated, and thereby, electrical white noise is generated
thereby. The white noise is then supplied to the light re-
ceiving circuit 2, is mixed there to a received signal which
has been already converted into an electrical signal
there.

[0054] Thereby, the BER curve is degradedinto a BER
curve represented by a broken line in FIG. 13 in which
the BER at the optimum compensating amount is in a
second zone, which is more than b1 and less than b2.
The second zone is such that the number of error cor-
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rected bits is large to a certain extent, butis within arange
in which error correction can be performed. By thus in-
tentionally increasing the BER, since the number of error
corrected bits increases accordingly, a time required for
completing control operation shown in FIG. 6 for example
can be effectively reduced. Thus, it is possible to reduce
a time required for optimizing the residual dispersion
amount.

[0055] A case where it is not possible to intentionally
increase the error correction amount by means of pro-
viding the noise adding part such as the ASE light source
inthe dispersion compensating arrangement (apparatus)
itself is described next.

[0056] FIG. 16 shows a block diagram of a wavelength
division multiplexing transmission system in one embod-
iment of the present invention. As shown, a wavelength
multiplexing transmission apparatus 50 at a transmission
end includes transmitters 514 through 51n, a wavelength
multiplexing part 52 and a transmission optical amplifier
53.

[0057] The transmitter 51, generates an optical signal
of a monitoring wavelength A0, and supplies it to the
wavelength multiplexing part 52. The transmitters 51,
through 51n respectively convert given optical signals
such as those of SONET (Synchronous Optical Network),
GbE (Gigabit Ethernet (registered trademark)) standard
or such into respective optical signals of wavelengths A1
through An different from each other in a narrow band for
being subject to wavelength multiplexing, and supply
them to the wavelength multiplexing part 52.

[0058] A wavelength multiplexed signal multiplexed in
the wavelength multiplexing part 52 is amplified by the
transmission optical amplifier 53, transmitted to an optical
fiber transmission line 62, and thereby, is transmitted to
a wavelength multiplexing transmission apparatus 70 at
a receiving end.

[0059] The wavelength multiplexing apparatus 70 at
the receiving end includes a receiving optical amplifier
71, a variable dispersion compensator 72, a receiving
optical amplifier 73, a wavelength demultiplexing part 74,
receivers 75q through 75n, a control circuit 76 and an
ASE light source 77. The wavelength multiplexed signal
received from the optical fiber transmission line 62 is am-
plified by the receiving amplifier 71, again amplified by
the receiving amplifier 72 after passing through the var-
iable dispersion compensator 72, is then supplied to the
wavelength demultiplexer 74, and thus, is demultiplexed
into respective optical signals of the wavelengths A0
through An.

[0060] The respective receivers 75, through 75n re-
ceive the optical signals of the respective wavelengths,
convert them into respective electrical signals, perform
well-known receiving processing such as clock reproduc-
tion, data discrimination and so forth, and perform error
correction on the thus-obtained received data signals.
The receiver 75, having the monitoring wavelength A0
obtains the BER and the error correction contents, and
supplies the thus-obtained information to the control cir-
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cuit 76.

[0061] The control circuit 76 performs automatic con-
trol of the wavelength dispersion compensating amount
in the variable dispersion compensator 72, so as to re-
duce code error in the optical signal output from the var-
iable dispersion compensator 72 based on the BER
(code error rate) and the error correction contents sup-
plied from the receiver 75,. Also, the control circuit 76
operates the ASE light source 77 which thus generates
ASE light, the ASE light being then mixed in a multiplexer
78 to the optical signal in the monitoring wavelength A0
output from the wavelength demultiplexer 74, only when
the BER supplied from the receiver 75 is not more than
b1’ shown in FIG. 13.

[0062] Thereby, the BER curve represented by the sol-
id line in FIG. 13 is degraded into the BER curve repre-
sented by the broken line, the number of error corrected
bits increases in response to the degradation in the BER,
and thus, the time required for optimizing the residual
dispersion amount with the use of the correction ratio
from 0 to 1 can be effectively reduced. In this configura-
tion, since the ASE light is inserted thus only to the mon-
itoring wavelength light, it is possible to perform control
of the dispersion compensating amount without actually
degrading the BER in the optical signals of any other
wavelengths. It is also possible to apply a noise gener-
ating circuit such as that mentioned above instead of the
ASE light source 77.

[0063] Furthermore, although the correction ratio from
0 to 1 is applied for determining a direction of increasing
or decreasing the dispersion compensating amount in
response to decrease in the BER, it is also possible to
instead apply a ratio of corrected bits, i.e., a ratio of the
number 'a’ of erroneous bits of ‘0’ with respect to the total
sum of the above-mentioned number 'a’ and the number
‘b’ of erroneous bits of ’1’, i.e., a/(a+b), such as that de-
scribed above.

[0064] It is noted that the above-mentioned variable
dispersion compensator 1 or 72 corresponds to a variable
dispersion compensating part; the light receiving circuit
2 orthe receiver 75, corresponds to a light receiving part;
the error correction circuit 5 or the receiver 75, corre-
sponds to an error correction part; the control circuit 4 or
76 corresponds to a control part; the ASE light source 6
or 77 and the multiplexer 7 or 78 correspond to an ASE
light mixing part; and the noise generating circuit 8 cor-
responds to a noise mixing part.

[0065] Further, the present invention is not limited to
the above-described embodiments, and variations and
modifications may be made without departing from the
basic concept of the present invention claimed below.

Claims
1. Adispersion compensating method for compensat-

ing wavelength dispersion occurring in an optical
transmission line (5), comprising the steps of:
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a) performing dispersion compensation by caus-
ing an optical signal, supplied from said trans-
mission line (5), to pass through a variable dis-
persion compensator (1) ;

and

b) controlling a dispersion compensating
amountin said variable dispersion compensator
(1) according to code error information in a re-
ceived data signal obtained from the optical sig-
nal having undergone the dispersion compen-
sation,

characterized in that

the code error information comprises the number of
corrected bits from 0 to 1 and the number of corrected
bits from 1 to 0;

and in that said controlling (4) comprises increasing
or decreasing the dispersion compensating amount
according to a correction ratio from 0 to 1, which is
a ratio of the number of corrected bits from 0 to 1
with respect to the sum total of the number of cor-
rected bits from 0 to 1 and the number of corrected
bits from 1 to 0, wherein said controlling (4) increases
the dispersion compensating amount when the cor-
rection ratio from 0 to 1 is less than 50 % and de-
creases the dispersion compensating amount when
the correction ratio from 0 to 1 exceeds 50 % in a
case where a chirp setting is oo = +1, and said con-
trolling (4) comprises reversing the direction of in-
creasing or decreasing the dispersion compensating
amount when the chirp setting is o = -1.

The dispersion compensating method as claimed in
claim 1, wherein controlling (4) the dispersion com-
pensating amount in said variable dispersion com-
pensator is According to code error information for
a type of code in the received data signal.

The dispersion compensating method as claimed in
claim 1, controlling (4) the dispersion compensating
amount in said variable dispersion compensator is
according to code error information that comprises
a code error rate and the number of errors for each
type of code in the received data signal.

A dispersion compensating apparatus for compen-
sating wavelength dispersion occurring in an optical
transmission line (20), comprising:

a variable dispersion compensating part (1) per-
forming dispersion compensation of an optical
signal, supplied from said transmission line (20);
and

a light receiving part (2) receiving an optical sig-
nal having undergone dispersion compensation
and obtaining a received data signal; and

an error correcting part (3) performing error cor-
rection on the received data signal obtained from
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said light receiving part (2), said error correcting
part (3) obtains code error information for a type
of corrected code; and said apparatus further
comprises a control part (4) controlling a disper-
sion compensating amount in said variable dis-
persion compensating part (1) according to the
code error information obtained from said error
correcting part (3),

characterized in that

the code error information comprises the number of
corrected bits from 0 to 1 and the number of corrected
bits from 1 to O;

and in that said control part (4) increases or decreas-
es the dispersion compensating amount according
to a correction ratio from 0 to 1, which is a ratio of
the number of corrected bits from 0 to 1 with respect
to the sum total of the number of corrected bits from
0 to 1 and the number of corrected bits from 1 to 0O,
and increases the dispersion compensating amount
when the correction ratio from 0 to 1 is less than 50
% and decreases the dispersion compensating
amount when the correction ratio from 0 to 1 exceeds
50 % in a case where a chirp setting is o = +1, and
said control part (4) reversing the direction of in-
creasing or decreasing the dispersion compensating
amount when the chirp setting is o = -1.

The dispersion compensating apparatus as claimed
in claim 4, wherein said control part (4) controls the
dispersion compensating amount in said variable
dispersion compensating part (1) according to the
code error information and an S/N ratio of the optical
signal in said light receiving part (2).

The dispersion compensating apparatus as claimed
in claim 4, further comprising an ASE light mixing
part (7) mixing ASE light (6) to the optical signal out-
put by said variable dispersion compensating part
(1) when respective values of the number of correct-
ed bits from 0 to 1 and the number of corrected bits
from 1 to 0 are small.

The dispersion compensating apparatus as claimed
in claim 4, further comprising a noise mixing part
mixing noise to a signal obtained from photoelectric
conversion of the optical signal in said light receiving
part (2) when respective values of the number of
corrected bits from 0 to 1 and the number of corrected
bits from 1 to 0 are small.

The dispersion compensating apparatus as claimed
in claim 6, wherein said ASE light mixing part (7)
mixes the ASE light (6) to light in a monitoring wave-
length separated from the optical signal output from
said variable dispersion compensating part (1).

The dispersion compensating apparatus as claimed
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in claim 7, wherein said noise mixing part mixes the
noise to the signal obtained from photoelectric con-
version of light of a monitoring wavelength, in said
light receiving part (2), separated from the optical
signal output from said variable dispersion compen-
sating part (1).

Patentanspriiche

1.

Dispersionskompensationsverfahren zum Kompen-
sieren von Wellenlangendispersion, welche in einer
optischen Ubertragungsleitung (5) auftritt, welches
die Schritte umfasst:

a) Durchfiihren von Dispersionskompensation
durch das Bewirken, dass ein optisches Signal,
welches aus der Ubertragungsleitung (5) bereit-
gestelltwird, durch einen variablen Dispersions-
kompensator (1) passiert;

und

b) Steuern eines Dispersionskompensations-
umfangs in dem variablen Dispersionskompen-
sator (1) gemaR Code-Fehlerinformation in ei-
nem empfangenen Datensignal, welches aus
dem optischen Signal, welches der Dispersions-
kompensation unterzogen wurde, erhalten wird,

dadurch gekennzeichnet, dass

die Code-Fehlerinformation die Anzahl an von 0
nach 1 korrigierten Bits und die Anzahl an von 1 nach
0 korrigierten Bits umfasst;

und dadurch, dass das Steuern (4) das Erhéhen oder
Verringern des Dispersionskompensationsumfangs
umfasst, gemaR eines Korrekturverhaltnisses von 0
nach 1, welches ein Verhaltnis der Anzahl an von 0
nach 1 korrigierten Bits in Bezug auf die Gesamt-
summe der Anzahl von von 0 nach 1 Kkorrigierten Bits
und der Anzahl von von 1 nach 0 korrigierten Bits
ist, wobei das Steuern (4) den Dispersionskompen-
sationsumfang erhdht, wenn das Korrekturverhalt-
nis von 0 nach 1 geringer als 50% ist und den Di-
spersionskompensationsumfang verringert, wenn
das Korrekturverhaltnis von 0 nach 1 50% Ubersteigt,
in dem Fall, in dem eine Chirp-Einstellung oo = +1 ist,
und das Steuern (4) das Umkehren der Richtung des
Erhdhens oder Verringerns des Dispersionskom-
pensationsumfangs umfasst, wenn die Chirp-Ein-
stellung o = -1 ist.

Dispersionskompensationsverfahren, wie bean-
sprucht in Anspruch 1, wobei das Steuern (4) des
Dispersionskompensationsumfangs in dem varia-
blen Dispersionskompensator gemal einer Code-
Fehlerinformation fiir eine Art von Code in dem emp-
fangenen Datensignal erfolgt.

Dispersionskompensationsverfahren, wie bean-
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sprucht in Anspruch 1, wobei das Steuern (4) des
Dispersionskompensationsumfangs in dem varia-
blen Dispersionskompensator gemal einer Code-
Fehlerinformation, welche eine Code-Fehlerrate
und die Anzahl von Fehlern umfasst, fiir jede Art von
Code in dem empfangenen Datensignal erfolgt.

Dispersionskompensationsgerat zum Kompensie-
ren von Wellenlédngendispersion, welche in einer op-
tischen Ubertragungsleitung (20) auftritt, welches
umfasst:

einen variablen Dispersionskompensationsteil
(1), welcher Dispersionskompensation eines
optischen Signals durchfiihrt, welches aus der
Ubertragungsleitung (20) bereitgestellt wird;
und

einen Licht empfangenden Teil (2), welcher ein
optisches Signal empfangt, welches einer Di-
spersionskompensation unterzogen wurde, und
welcher ein empfangenes Datensignal erhalt;
und

einen Fehler korrigierenden Teil (3), welcher ei-
ne Fehlerkorrektur auf das empfangene Daten-
signal durchfiihrt, welches von dem Licht emp-
fangenden Teil (2) erhalten wird, wobei der Feh-
ler korrigierende Teil (3) Code-Fehlerinformati-
on flr eine Art von korrigiertem Code erhalt; und
das Gerét ferner einen Steuerteil (4) umfasst,
welcher einen Dispersionskompensationsum-
fang in dem variablen Dispersionskompensati-
onsteil (1) gemaf der Code-Fehlerinformation,
welche aus dem Fehler korrigierenden Teil (3)
erhalten wird, steuert,

dadurch gekennzeichnet, dass

die Code-Fehlerinformation die Anzahl an von 0
nach 1 korrigierten Bits und die Anzahl an von 1 nach
0 korrigierten Bits umfasst;

und dadurch, dass der Steuerteil (4) den Dispersi-
onskompensationsumfang erhdht oder verringert,
gemal eines Korrekturverhaltnisses von 0 nach 1,
welches ein Verhaltnis der Anzahl von von 0 nach 1
korrigierten Bits in Bezug auf die Gesamtsumme der
Anzahl von von 0 nach 1 korrigierten Bits und der
Anzahl von von 1 nach 0 korrigierten Bits ist, und
den Dispersionskompensationsumfang erhoht,
wenn das Korrekturverhaltnis von 0 nach 1 geringer
als 50% ist und den Dispersionskompensationsum-
fang verringert, wenn das Korrekturverhaltnis von 0
nach 150% Ubersteigt, in dem Fall, in welchem eine
Chirp-Einstellung o = +1 ist, und der Steuerteil (4)
die Richtung des Erhéhens oder Verringerns des Di-
spersionskompensationsumfangs umkehrt, wenn
die Chirp-Einstellung o = -1 ist.

Dispersionskompensationsgerat, wie beansprucht
in Anspruch 4, wobei der Steuerteil (4) den Disper-
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sionskompensationsumfang in dem variablen Di-
spersionskompensationsteil (1) gemafl der Code-
Fehlerinformation und einem S/N-Verhaltnis des op-
tischen Signals in dem Licht empfangenden Teil (2)
steuert.

Dispersionskompensationsgerat, wie beansprucht
in Anspruch 4, welches ferner einen ASE-Licht-
mischteil (7) umfasst, welcher ASE-Licht (6) mit dem
optischen Signal, welches von dem variablen Di-
spersionskompensationsteil (1) ausgegeben wird,
mischt, wenn jeweilige Werte der Anzahl von von 0
nach 1 korrigierten Bits und der Anzahl von von 1
nach 0 Kkorrigierten Bits klein sind.

Dispersionskompensationsgerat, wie beansprucht
in Anspruch 4, welches ferner einen Teil zum Mi-
schen von Rauschen umfasst, welcher Rauschen
mit einem Signal mischt, welches von photoelektri-
scher Wandlung des optischen Signals in dem Licht
empfangenden Teil (2) erhalten wird, wenn jeweilige
Werte von der Anzahl von von 0 nach 1 korrigierten
Bits und der Anzahl von von 1 nach 0 korrigierten
Bits klein sind.

Dispersionskompensationsgerat, wie beansprucht
in Anspruch 6, wobei der ASE-Lichtmischteil (7) das
ASE-Licht (6) mit Licht einer Uberwachungs-Wellen-
lange mischt, getrennt von dem optischen Signal,
welches von dem variablen Dispersionskompensa-
tionsteil (1) ausgegeben wird.

Dispersionskompensationsgerat, wie beansprucht
in Anspruch 7, wobei der Teil zum Mischen von Rau-
schen das Rauschen mit dem Signal mischt, wel-
ches von photoelektrischer Wandlung von Licht ei-
ner Uberwachungs-Wellenlédnge erhalten wird, in
dem Licht empfangenden Teil (2), getrennt von dem
optischen Signal, welches von dem variablen Di-
spersionskompensationsteil (1) ausgegeben wird.

Revendications

Procédé de compensation de la dispersion destiné
a compenser la dispersion de longueur d’'onde se
produisant dans une ligne de transmission optique
(5), comprenant les étapes consistant a :

a) effectuer une compensation de dispersion en
faisant passer un signal optique, délivré par la-
dite ligne de transmission (5), a travers un com-
pensateur de dispersion variable (1) ;

et

b) commander la valeur de la compensation de
dispersion dans ledit compensateur de disper-
sion variable (1) en fonction d’informations d’er-
reur de code dans un signal de données regu
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obtenu a partir du signal optique ayant fait I'objet
de la compensation de dispersion,

caractérisé en ce que

les informations d’erreur de code comprennent le
nombre de bits corrigés de 0 a 1 et le nombre de bits
corrigésde 1a0;

et en ce que ladite commande (4) comprend I'aug-
mentation ou la diminution de la valeur de la com-
pensation de dispersion en fonction d’un rapport de
correction de 0 a 1, qui est le rapport du nombre de
bits corrigés de 0 a 1 par rapport a la somme totale
du nombre de bits corrigés de 0 a 1 et du nombre
de bits corrigés de 1 a 0, dans lequel ladite comman-
de (4) augmente la valeur de la compensation de
dispersion lorsque le rapport de correction de 0 a 1
est inférieur a 50 % et diminue la valeur de la com-
pensation de dispersion lorsque le rapport de cor-
rection de 0 a 1 dépasse 50 % dans le cas ou le
réglage de fluctuation est o = +1 et ladite commande
(4) comprend l'inversion du sens d’augmentation ou
de diminution de la valeur de la compensation de
dispersion lorsque le réglage de fluctuation est o =
-1.

Procédé de compensation de la dispersion selon la
revendication 1, dans lequel la commande (4) de la
valeur de lacompensation de la dispersion dans ledit
compensateur de dispersion variable est fonction
des informations d’erreur de code pour un type de
code dans le signal de données regu.

Procédé de compensation de la dispersion selon la
revendication 1, dans lequel la commande (4) de la
valeur de lacompensation de la dispersion dans ledit
compensateur de dispersion variable est fonction
des informations d’erreur de code comprenant un
rapport d’erreur de code et le nombre d’erreurs pour
chaque type de code dans le signal de données regu.

Dispositif de compensation de la dispersion destiné
a compenser la dispersion de longueur d’onde se
produisant dans une ligne de transmission optique
(20), comprenant :

a) une partie de compensation de dispersion va-
riable (1) effectuant une compensation de dis-
persion d’un signal optique délivré par ladite li-
gne de transmission (20) ; et

b) une partie de réception de lumiére (2) rece-
vant un signal optique ayant fait I'objet d’une
compensation de dispersion et obtenant un si-
gnal de données regu ; et

une partie de correction d’erreur (3) effectuant
une correction d’erreurs sur le signal de don-
nées regu, obtenu depuis ladite partie de récep-
tion de lumiére (2), ladite partie de correction
d’erreur (3) obtenant des informations d’erreur
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de code pour un type de code corrigé ; et ledit
dispositif comprenant en outre une partie de
commande (4) commandant la valeur de la com-
pensation de dispersion dans ladite partie de
compensation de dispersion variable (1) en
fonction des informations d’erreur de code ob-
tenues depuis ladite partie de correction d’erreur

@A),

caractérisé en ce que

les informations d’erreur de code comprennent le
nombre de bits corrigés de 0 a 1 et le nombre de bits
corrigésde 1a0;

et en ce que ladite partie de commande (4) aug-
mente ou diminue la valeur de la compensation de
dispersion en fonction d’un rapport de correction de
0 a 1, qui est le rapport du nombre de bits corrigés
de 0 a 1 par rapport a la somme totale du nombre
de bits corrigés de 0 a 1 etdu nombre de bits corrigés
de 1 a0, et augmente la valeur de la compensation
de dispersion lorsque le rapport de correction de 0
a 1 est inférieur a 50 % et diminue la valeur de la
compensation de dispersion lorsque le rapport de
correction de 0 a 1 dépasse 50 % dans le cas ou le
réglage de fluctuation est o = +1 et ladite partie de
commande (4) inverse le sens d’augmentation ou
de diminution de la valeur de la compensation de
dispersion lorsque le réglage de fluctuation est o =
-1.

Dispositif de compensation de la dispersion selon la
revendication 4, dans lequel ladite partie de com-
mande (4) commande la valeur de la compensation
de dispersion dans ladite partie de compensation de
dispersion variable (1) en fonction des informations
d’erreur de codes et du rapport S/B du signal optique
dans ladite partie de réception de lumiére (2).

Dispositif de compensation de la dispersion selon la
revendication 4, comprenant en outre une partie de
mélange de lumiere ASE (7) mélangeant la lumiére
ASE (6) vers la sortie de signal optique par ladite
partie de compensation de dispersion variable (1)
lorsque les valeurs respectives du nombre de bits
corrigés de 0 a 1 et du nombre de bits corrigés de 1
a 0 sont faibles.

Dispositif de compensation de la dispersion selon la
revendication 4, comprenant en outre une partie de
mélange de bruit mélangeant le bruit sur un signal
obtenu par conversion photoélectrique du signal op-
tique dans ladite partie de réception de lumiere (2)
lorsque les valeurs respectives du nombre de bits
corrigés de 0 a 1 et du nombre de bits corrigés de 1
a 0 sont faibles.

Dispositif de compensation de la dispersion selon la
revendication 6, dans lequel ladite partie de mélange
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de lumiére ASE (7) mélange la lumiere ASE (6) en
lumiére d’une longueur d’onde de surveillance sé-
parée de la sortie de signal optique par ladite partie
de compensation de dispersion variable (1).

Dispositif de compensation de la dispersion selon la
revendication 7, dans lequel ladite partie de mélange
de bruit mélange le bruit sur le signal obtenu par
conversion photoélectrique de lumiére d’une lon-
gueur d’'onde de surveillance, dans ladite partie de
réception de lumiére (2), séparée de la sortie de si-
gnal optique par ladite partie de compensation de
dispersion variable (1).
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